, and formed a monophyletic clade in the 16S rRNA gene phylogenetic tree together with the type strains of the genus Kibdelosporangium. The chemotaxonomic properties further supported the assignment of strain XMU 506
T to the genus Kibdelosporangium: meso-diaminopimelic acid was the diagnostic amino acid in the cell wall peptidoglycan; mycolic acids were not present in the cell wall; the whole-cell hydrolysates contained arabinose, galactose, glucose and ribose. The major menaquinone was MK-9(H 4 ); the phospholipids of the isolate comprised phosphatidylethanolamine, OH-phosphatidylethanolamine, diphosphatidylglycerol and unidentified amino-, glyco-and phospholipids; the major fatty acids of the strain were iso-C 16 : 0 , C 17 : 1 v6c and iso-C 16 : 1 H. The G+C content of genomic DNA was 67.3 mol%. Based on the results of phylogenetic analysis, phenotypic and genotypic characterization, strain XMU 506 T represents a novel species in the genus Kibdelosporangium, for which the name Kibdelosporangium lantanae sp. nov. is proposed. The type strain is XMU 506 T (5KCTC 29675 T 5MCCC 1K00430 T ).
The genus Kibdelosporangium was first described by Shearer et al. (1986a) with the type species Kibdelosporangium aridum. It is classified within the class Actinobacteria (Goodfellow et al., 2012; Sen et al., 2014) and the family Pseudonocardiaceae (Embley et al., 1988) . The genus is characterized by sporangium-like structures with well-defined walls, which do not contain spores but germinate directly when they are placed on agar. Besides its unique morphological features, Kibdelosporangium is known to produce novel antibiotics with glycopeptide, macrolides and polyketide structures (Tiwari & Gupta, 2012) . Members of the genus contain meso-diaminopimelic acid as the diagnostic diamino acid (type IV cell walls) and the whole-cell sugar pattern is type A (Lechevalier & Lechevalier, 1970) , with type PII phospholipids and MK-9(H 4 ) as the predominant menaquinone (Xing et al., 2012) . Until the time of writing, only four taxa of the genus Kibdelosporangium have been validly published according to the List of Prokaryotic Names with Standing in Nomenclature (http://www.bacterio.net/index. html), including Kibdelosporangium aridum subsp. aridum DSM 43828 T (Shearer et al., 1986a) , Kibdelosporangium aridum subsp. largum DSM 44150
T (Shearer et al., 1986b) , Kibdelosporangium philippinense DSM 44226 T (Mertz & Yao, 1988) and Kibdelosporangium phytohabitans KLBMP 1111 T (Xing et al., 2012) . In this paper, a novel species of Kibdelosporangium, strain XMU 506 T , is identified by polyphasic taxonomic study.
Strain XMU 506
T was isolated from the rhizosphere soil of an ornamental plant, Lantana camara L., collected from the Xiang'an district of Xiamen City, Fujian Province, in south-east China. A 100-fold dilution of this soil suspension was prepared in sterilized distilled water and 0.1 ml was spread on modified poly(L-lactide) agar (PLA; containing 2.0 g PLA powder, 18 g agar, 1 l base medium). After incubation at 28 8C for 3 weeks, the pure culture was preserved on International Streptomyces Project medium 2 (ISP 2; Shirling & Gottlieb, 1966) at 4 8C and in 20 % (v/v) glycerol at 280 8C.
Cultural characteristics of strain XMU 506
T were determined after 2 weeks at 28 8C on ISP 2, 3, 4 and 5 (Shirling & Gottlieb, 1966) , Czapek agar, potato dextrose agar and nutrient agar (Stackebrandt, 1988) . The colours of the substrate and aerial mycelia were determined by comparison with National Bureau of Standards Colour Name Charts (Kelly, 1964) . Morphology was observed by scanning electron microscopy (Zeiss Sigma) after 21 days of growth on ISP 2 medium at 28 8C. Growth at different temperatures (4, 10, 15, 20, 28, 30, 37, 42, 45 and 55 8C) was tested with ISP 2 medium plates, growth at different NaCl concentrations (0-15 %, at intervals of 1.0 % unit, w/v) and different pH values (pH 4.0-10.0, at intervals of 1.0 pH unit, using the buffer system described by Xu et al., 2005) was tested in shake flasks of liquid ISP 2 medium at 28 8C for 2-3 weeks. Utilization of sole carbon and nitrogen sources for energy and growth was tested according to Shirling & Gottlieb (1966) . Other physiological and biochemical tests, including nitrate reduction, milk coagulation and peptonization, H 2 S production, decomposition of urea, starch and gelatin, were performed as described by Smibert & Krieg (1994) .
The amino acid content of the cell wall and the sugars of the whole-cell hydrolysates were analysed according to the methods established by Hasegawa et al. (1983) . Cells for chemotaxonomic analysis were obtained from 3-4 day-old cultures grown in tryptic soy broth medium at 28 8C, and harvested by centrifugation. Analyses of menaquinones and polar lipids were carried out by the Identification Service of DSMZ (Braunschweig). Menaquinones and polar lipids were extracted from 200 mg freezedried cells using the two-stage method described by Tindall (1990a, b) . Menaquinones were analysed by HPLC, and polar lipids were examined by two-dimensional TLC and identified using published procedures (Tindall et al., 2007) . Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the method of Sasser (1990) . Cellular fatty acids were extracted, methylated and analysed using the Sherlock Microbial Identification System (Version 6.0B; MIDI database: TSBA6) according to the method of Sasser (1990) . The G+C content of genomic DNA was determined according to the method described by Mesbah et al. (1989) .
Genomic DNA extraction and PCR amplification of the 16S rRNA gene were performed as described by Wu et al. (2009) . The 16S rRNA gene sequence obtained in this study was compared with sequences from EzBioCloud (http:// www.ezbiocloud.net/eztaxon) (Kim et al., 2012) . To clarify the phylogenetic position of strain XMU 506 T within the related taxa, a phylogenetic tree of 16S rRNA gene sequence was reconstructed. After multiple alignment using CLUSTAL X V1.83 (Thompson et al., 1997) , phylogenetic trees were reconstructed by the software MEGA version 5.1 (Tamura et al., 2011) , using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods. Genetic distances were calculated according to the Kimura twoparameter model (Kimura, 1980) . Bootstrap analysis based on 1000 resamplings was used to evaluate the topology of the tree (Felsenstein, 1985) .
An almost complete 16S rRNA gene sequence (1480 bp) was generated from strain XMU 506 T ; this sequence showed high 16S rRNA gene sequence similarities to the members of genus Kibdelosporangium, ranging from 96.1 % to 96.5 %, with the highest similarity (96.5 %) to the species K. philippinense (Mertz & Yao, 1988) , and showed similarities lower than 96 % to other strains in the order Pseudonocardiales (Sen et al., 2014) . In the phylogenetic tree based on the neighbour-joining method (Fig. 1) , supported by maximum-likelihood and maximum-parsimony methods (Figs S1 and S2, available in the online Supplementary Material), strain XMU 506 T was located in the genus Kibdelosporangium and formed a monophyletic clade in the subclade of this genus. 16S rRNA gene sequence analysis thus suggested that strain XMU 506
T is a member of the genus Kibdelosporangium.
Strain XMU 506
T grew well on most of the test media. Optimal growth occurred on ISP 2, ISP 3, ISP 4 and potato dextrose agar, while moderate growth occurred on ISP 5 medium, Czapek agar and nutrient agar. The colour of the substrate mycelium was light yellow to yellow, while the aerial mycelium was white on Czapek agar and potato dextrose agar and light yellow on ISP 2, 3, 4 and 5 and nutrient agar. Diffusible pigments were not observed on any of the media tested, while its closest related species K. philippinense DSM 44226 T formed orange-yellow substrate mycelium and produced soluble pigment occasionally (Mertz & Yao, 1988) . A scanning electron micrograph of strain XMU 506 T is shown in Fig. S3 ; the organism formed aerial mycelium with long straight or curved chains of spores. Rugose-surfaced sporangium-like structures were observed beneath aerial hyphae, but release of spores from these globular bodies was not observed. The optimum growth occurred at 28-30 8C, pH 7.0, and the organism was able to grow in the presence of 2 % (w/v) NaCl. Comparison of cultural and physiological characteristics of strain XMU 506 T and other type strains of the genus Kibdelosporangium are presented in Table 1 .
The whole-cell hydrolysates of strain XMU 506 T contained meso-diaminopimelic acid as the diagnostic diamino acid of the peptidoglycan; mycolic acids were not present (type IV cell walls). The whole-cell sugars comprised arabinose, galactose, glucose and ribose (type A whole-cell sugar pattern).
The major menaquinone was MK-9(H 4 ) (80 %), with minor unidentified components. The phospholipids of the isolate consisted of phosphatidylethanolamine, OH-phosphatidylethanolamine, diphosphatidylglycerol, three unidentified aminolipids, one glycolipid and three unidentified phospholipids (Fig. S4) . The predominant fatty acids were iso-C 16 : 0 (45.1 %), C 17 : 1 v6c (19.5 %) and iso-C 16 : 1 H (14.2 %) ( Table S1 ). The genomic DNA G+C content was found to be 67.3 mol%.
The 16S rRNA gene sequence analysis and phylogenetic trees showed that strain XMU 506 T belongs to the genus Kibdelosporangium. It formed sporangium-like structures and long chains of aerial spores. The whole-cell hydrolysates, major menaquinones, polar lipids, predominant fatty acids and DNA G+C content were all consistent with its classification in the genus Kibdelosporangium. However, strain XMU 506 T could be distinguished from its closest phylogenetic neighbours based on some morphological and physiological characteristics, as shown in Table 1 . On the basis of phylogenetic, phenotypic and chemotaxonomic analysis, we conclude that strain XMU 506
T represents a novel species of the genus Kibdelosporangium, for which the name Kibdelosporangium lantanae sp. nov. is proposed.
Description of Kibdelosporangium lantanae sp. nov.
Kibdelosporangium lantanae (lan.ta9nae. N.L. gen. n. lantanae of Lantana, pertaining to the plant Lantana camara.)
Gram-positive, strictly aerobic and non-motile actinomycete. Substrate mycelia yellow-white to yellow and extensively branched. Aerial mycelium is white to light yellow and forms rugose-surfaced sporangium-like structures. Diffusible pigments are not produced. Growth occurs at 20-37 uC and pH 6.0-8.0 with optimal growth at 28 uC and pH 7.0. NaCl is tolerated up to 2% (w/v). L-methionine, L-phenylalanine, L-proline, L-threonine and D-valine can be used as sole nitrogen sources, but L-arginine, L-histidine, L-tryptophan and L-tyrosine cannot. Positive for gelatin liquefaction, starch hydrolysis, nitrate reduction, milk coagulation and peptonization, urease and esterase activities, but negative for oxidase and H 2 S production. The cell wall contains meso-diaminopimelic acid; no mycolic acids were detected. The whole-cell hydrolysates contains arabinose, galactose, glucose and ribose. The predominant menaquinone is MK-9(H 4 ). The phospholipids are phosphatidylethanolamine, OH-phosphatidylethanolamine, diphosphatidylglycerol and unidentified amino-, glyco-and phospholipids. Major fatty acids are iso-C 16 : 0 , C 17 : 1 v6c and iso-C 16 : 1 H.
The type strain, XMU 506 T (5KCTC 29675 T 5MCCC 1K00430 T ), was isolated from the rhizosphere soil of an ornamental plant, Lantana camara L., collected from Xiamen City, Fujian province, China. The DNA G+C content is 67.3 mol%. 
